In a study on prenatal dopamine and its association with depression and other neurotransmitters, serotonin was a confounding variable (Field et al., 2007) . Serotonin has long been associated with depression (Cubala & Landwski, 2006; Neumeister, 2003; Neumeister, Young, & Stastny, 2004) . Serotonin receptors and serotonin transporters are reduced in depression, suggesting that serotonin systems play a key role in the pathophysiology of depression (Neumeister et al., 2004) .
Interactions with other systems also occur. Numerous data, for example, have suggested reciprocal interactions between the serotonin system and the hypothalamic-pituitary-adrenal axis (cortisol levels) (Kitamura, Araki, & Gomita, 2002; McAllister-Williams, Ferrier, & Young, 1998) . Dysfunction in serotonergic and glucocorticoid receptors produces lower mood. Dysfunctional interactions between serotonin and dopamine have also been reported (Esposito, 2006; Kalia, 2005; Trivedi, 2006) .
Lower serotonin and dopamine levels and higher cortisol levels have been noted in a recent study on depressed pregnant women (Field, Diego, Dieter, et al., 2004) . In that study, this biochemical profile in the prenatally depressed women predicted similar profiles in their neonates . The purpose of the present study was to determine the relationships between prenatal serotonin levels and other biochemical values during pregnancy as well as their relationships to neonatal biochemical and behavioral variables. To address that question, the pregnant women were divided into the top and bottom tertiles based on their serotonin levels at 20 weeks gestational age.
Method

Participants
The participants were 126 depressed pregnant women. The women averaged 25 years of age, their socioeconomic status was low to middle (M = 3.3 on the Hollingshead index, R = 1-5 on the Hollingshead Index, with 1 being high SES and 5 being low SES), and they were distributed 55% Hispanic, 35% Black and 10% White, and 30% were married.
Procedure
The pregnant women were recruited at prenatal clinics at their first ultrasound visit (M = 20 weeks gestation, R = 16-22 weeks). Following informed consent, the pregnant women were given the Structured Clinical Interview for DSM-IV Disorders (SCID). Although illicit drug use was an exclusionary criterion, none of the women reported this problem. The women were assessed at 20 weeks and again at 32 weeks gestation, and their infants were evaluated for biochemical and behavioral profiles at the neonatal period (M = 2 days).
Structured Clinical Interview for DSM-IV Disorders (SCID)
All women in the study were given the SCID (research version) to determine depression and anxiety diagnoses and to screen out other disorders including bipolar disorder, schizophrenia and other psychotic disorders. Based on the symptoms identified in the DSM-IV, the women met the criteria for depression. The SCID was administered by research associates following training and with continuing supervision by a clinical psychologist. In our experience (including a recent survey sample), the majority of the depressed pregnant women who attend the university ultrasound clinic were not taking anti-depressants and were not receiving other treatments for depression.
The Center for Epidemiological Studies-Depression Scale (CES-D)
This is a 20-item scale that assesses the frequency of depressive symptoms within the last week (Radloff, 1977) . With scores ranging from 0 to 60, a cut-off score of 16 is used for classifying a major depressive episode. With only a 6% false positive and 36% false negative rate (Myers & Weissman, 1980) , this scale has been shown to be reliable and valid for diverse demographic groups and has been successfully used as a self-report assessment of depression in a number of studies that involved similar populations (e.g., Diego et al., 2004) . (Field, Diego, Dieter, et al., 2004) This scale was developed to assess the degree of hassle being experienced by expectant mothers. The 16 items on a 4-point Likert scale include questions on family members, landlords, friends and finances creating hassles.
Daily Hassles Scale
Urinary catecholamines and metabolites
Urinary samples were collected from the women at the beginning of the 20 and 32 weeks gestation visits and from the neonates within the first 2 days post-delivery. Assays were conducted by high-pressure liquid chromatography (HPLC) with electrochemical detection (Kilts, Gooch, & Knopes, 1984) . Urinary levels of the dopamine metabolite (HVA) and the serotonin metabolite (5HIAA) were measured, as the majority of excreted catecholamine and serotonin, respectively, exist in the form of these metabolites.
Results
As can be seen in Table 1 ANOVA and Chi Square comparisons between high (N = 42) and low (N = 42) serotonin groups based on a tertile split suggested that the high serotonin group women: (1) were greater age, higher socioeconomic status and more often married and (2) had lower CES-D depression, CES-D somatic-vegetative subscale and Daily Hassle Scale scores. As can be seen in Table 2 , the high serotonin versus low serotonin level group had: (1) higher serotonin and dopamine levels at the 20 weeks gestation period and (2) higher serotonin and dopamine levels at the 32 weeks gestation period. As can be seen in Table 3 , the neonates of the mothers in the high serotonin versus low serotonin level group had higher serotonin levels themselves, and most importantly, they were less likely to be born prematurely (10% vs. 20%, X 2 = 5.02, p = .05).
Discussion
These data on pregnant women are consistent with previous data on non-pregnant adults, suggesting that depression scores were higher in those with low serotonin levels (Neumeister et al., 2004) . Both the CES-D summary scores and the somatic-vegetative symptom subscale scores were higher for the low serotonin level pregnant women. The simultaneously elevated serotonin and dopamine across pregnancy (20 and 32 weeks gestation) in this sample are consistent with an interactive phenomenon suggested by others (Esposito, 2006; Trivedi, 2006) . One system appears to affect the other, confounding the effects of each system (Trivedi, 2006) . Serotonin notably confounded the dopamine effects in a tertile split on dopamine levels in pregnant women (Field et al., 2007) . Although the literature would also suggest negative relations between serotonin and cortisol levels (Kitamura et al., 2002; McAllister-Williams et al., 1998) , cortisol levels surprisingly did not differ between the high and low serotonin groups in this sample.
The neonates of the high serotonin mothers had similarly higher serotonin levels than the neonates of low serotonin mothers. We have noted parallel biochemical profiles of pregnant women and their neonates in at least 3 samples (Field et al., 2004b; Field et al., 2007; Lundy, Field, Cigales, Cuadra, & Pickens, 1999) . The reciprocal relationships often noted between serotonin and dopamine and serotonin and cortisol were surprisingly not evident for the neonates in this sample. That the incidence of prematurity in the low serotonin group was twice the rate in the high serotonin group suggests that low serotonin levels, like elevated cortisol, may be a marker for preterm delivery . These data highlight the importance of monitoring serotonin levels during prenatal assessments. Urine samples collected at prenatal clinics could be assayed for serotonin, dopamine and cortisol levels, as they may help identify women at risk for premature delivery. In addition, the CES-D scores and especially the somatic-vegetative subscale scores on the CES-D, appear to be elevated in women with low prenatal serotonin levels.
These measures may be cost-effective screening assessments for targeting those women needing prenatal interventions, especially since they seem to have some predictive validity as early as 20 weeks gestation which may not be too late for intervention. Various forms of stimulation have been noted to at least lower prenatal depression and cortisol including yoga and massage therapy Narendran, Nagarathna, Narendran, Gunasheela, & Nagendra, 2005) and to increase serotonin and dopamine including massage therapy (Field, Hernandez-Reif, Diego, Schanberg, & Kuhn, 2005) and exercise (Strüder et al., 1997) . Thus, with these cost-effective screening measures and interventions, the costly problems of prematurity may be reduced. Future studies would need to be conducted on larger samples to assess the validity of these screening measures.
